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A variable refractive sat&ce 



FIELD OF TBE INVENTION 

The present invention relates to an element providing a variable refiactive 
surface, to devices including such elements, and to methods of manufectae of such elements 
and such devices. Such an element is particularly suitable for. but not limited to. collecting 
spherical aberrations wilhin optical scanning devices. 

BACKGROUND OF THE INVENTION 

In various optical systems, aberrations can arise whidi ate unwanted, and 
which tend to decrease the performance of the optical system. 

For instance, optical discs such as CD (Compact Disc). DVD (Digital Video 
Disc or Digital Versatile Disc), and BD (Blu-nqr Disc) are knovm as infeimation recording 
media on ^ch information is optically recorded or reproduced. Warped optical discs result 

in coma aberration in flw scannmg beam, flius deteriorating flie readout signal of ti» (^cal 
recording system. Ftolher. the system m^jr be effected by tenq^ratoie changes e.g. tiie 
objective lens in optical recording systems can give rise to spherical aberration ^ its 
temperature is elevated, tinis leading to deterioration of flie readout signal. 

Some optical discs have two or more information layers. When switehing fiom 
scanning one infcnnation %er to another information layer (e.g. fiom fl» first to the second 
layer in a dual layer disc), .pherical aberration arises due to tfie differ 
thicknesses tiiathave to be Iraversedby fl« scanningbeam. Such spherical abenationhas to 
be conrected in order to be able to accurately read both infimnation layers. 

Almowntechniquefiircompensatingfor such unwanted aberrations isto 
provide a switehable Kquid crystal cell witiiin tiie beam pad,. The ceU is arranged to show a 
variable amount of spherical aberration. ti» amount of spherical aberration be controlled by 
applying a voltage to Ae cell. BP 1.168.055 describes such an aberration correction device 
One disadvantage of such a liquid crystal device is tiiat it requires a relatively expensive 
liquid orystal celL 
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It is an aim of embodimaits of ttie present invention to provide an optical 
element tbat addresses one or more problems of the prior art, whether referred to herein or 
otherwise. 

It is an aim of particular embodiments of the present invention to provide a 
relatively cheap optical element that is suitable for correcting spherical aberration. 

STATEMENTS OF TBE INVENTION 

In a first aspect, the present invention provides an optical element for 
providing a variable refiactive surfece, the element comprising: 

a chamber defined by at least one side wall; 

an optical axis extending throu^ the chamber; 

the chamber containing a first fluid and a second fluid in contact over a 
meniscus extending transverse the optical axis, the perimeter of the meniscus being 
constrained by said side wall, die fluids being substantiaUy immiscible and having ^fEeceat 
indices of refraction; 

a first electrowetting electrode arranged to act on at least aportion of the 
meatiiscns perimeter constrained by said wall;and 

a second electowBlting electrode extendmg through the meniscus. 

In such an elemmt, the shape of the meniscus m^ be altered by bofli 
electrodes. The meniscus efifectivety provides a refiactive suifece, the shi^e of which is 
variable. Use of the electrode extending through the meniscus aUows the meniscus to be 
formed into a number of novel sh^s, including sh^es suitable for correcting spherical 
aberration. Such an element is relativBly cheap to manu&cture compared to a liquid crystal 
celL 

In anoflier aspecl^ the present invention provides a device comprismg an 
optical element for providing a variable refiactive surfece, (he element comprismg: a 
chamber defined by at least one side wall; an optical axis extending through the chamber, ihe 
chamber containing a first fluid and a second fluid m contact over a meniscus extending 
transverse the optical axis, the perimeter of the meniscus bemg constrained by said side wall, 
the fluids being substantially immiscible and having different indices of refiaction; a first 
electrowetting electrode arranged to act on at least a portion of the meniscus perimeter 
constramedby said side wall; and a second electrowetting electrode extending through the 
meniscus. 
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In a further aspect, flie present invention provides a method of manufectuting 
an optical element for providing a variable reftactive suifece, the element comprising: 
providing a chamber defined by at least one side wall, with an optical axis extending fluou^ 
the chamber, filling the chamber with a first fluid and a second fluid such that die fluids are 
in contact over a meniscus extending transverse the optical axis, the perimeter of the 
meniscus being constrained by said side waU, the fluids being substantiafly immiscible and 
having different indices of refiaclion; providing a first electrowetting electrode ananged to 
act on at least a portion of the meniscus perimeter constrained by said wall; and providing a 
second electrowetting electrode extending throu^ the meniscus. 

In another aspect, the present invention provides a mediod of manufecturing 
an optical device, the method comprising the stq> ofi providing an optical element for 
providing a variable reftactive surfece, the element comprising: a chamber defined by at least 
one side wall; an optical axis extending through the chamb^ the chamber containing a first 

fluid and a second fluid in contact over a meniscus extending transverse the optical axis, ti^ 
perimeter of the meniscus being constrained by said side wall, the fluids being substantially 

immiscibk and having different indices of refiaction; a first electrowetting electrode 
ananged to act on at kastaportion of tiie meniscus perimeter constiamedlv said si^^^ 
and a secoiKi electrowetting electrode extending throu^ flie meniscus. 

BRIEF DESCRIPTION OF DRAWINGS 

For a better understanding of fte invention, and to show how embodiments of 
Ae same may be carried mto effect reference will now be made, by way of exan„le. to tiie 
accompanying diagrammatic drawings in which: 



Figure 1 iUustrates a cross-^ectional view of an optical element in accordance 
wifli a first embodiment of flie present invention; 

Figure 2 iUustiates a perspective view of tiie chamber of flie element shown in 

Figure 1; 

Figure 3 iUustrates a cross-sectional view of the chamber of the element 
shown in Figure 1, iUustrating one configuration of the meniscus; 

Figure 4 iUustiates a cross-sectional plan view of an element in accordance 
witii a fittther embodiment of the present invention; and 
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Figure 5 iUustrates a schematic representation of a device incoipoiating an 
element in aocoidance with an embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFEEIRED EMBODIMENT 

The present inventors have reaKsed that an eleclxowetting device having a 
meniscus between two flmds of difiTerent refractive indices can be used be provide abenration 
compensation. 

Electrowetting devices are devices that utiUse the eleclrowetting phenomenon 
to operate. In electrowetting. the three-phase contact angle is changed with appUed voltage. 
The three-phases constitute two fluids and a soUd. l^pically, at least one of the fluids is a 
liquid. 

A fluid is a substance lhat alt^ it shape in response to any force, that tends to 
flow or to confonn to the oudine of its chamber, and that includes gases, vapours. Uquids and 
mixtures of solids and liquids capable of flow. 

Figure 1 illustrates an element 200 in accordance with an embodiment of the 
present invention. The element 200 is an optical element (i.e. it is arranged to alter the 
properties of light hicident npon. tiie device), and in this instance tiie element 200 is arranged 
to provide a variable refiactive sur&ce Le. a refractive surfece. the configuration (e.g. tiie 
sh^, or the angle of inclination relative to the optical axis) of which can be varied. 

The element 200 can^rises a first fluid 220 and a second fluid 230, in contact 
over a meniscus 225. die two fluids being immiscible. The first fluid 220 is a non-conducting 
non-polar liquid, such as a siUcone oil or an alkane. One example of such an ofl is 
polydunelhyl (8-12%)-phenyhnefliysiloxame copolymer, which has a refractive index 
n=l .425. The second fluid 230 is a conducting or polar liquid such as water containing a salt 
solution (or a mixture of water and ethylene glycol). Water lypicaUy has a refiactive mdex 
0=1.334. but dissolution of salt may change tiiis. 

The two fluids 220, 230 are preferably arranged to have an equal density, so as 
to minimise the gravitational efiects between tiie two Kquids such that the lens functions 
indq,endentiy of orientation. The two fluids 220, 230 have different refiactive mdices, such 
tiiat tiie meniscus inters 225 between the two fluids wiU act as a refractive surfece, ' 
refiacting light incident upon the sur&ce. 

At least a portion of tiie meniscus 225 extends transverse tiie optical axis 90. 
The term transverse is not limited to the meniscus 225 being perpendicular to flie optical axis 
90. but simply indicates tiiat tiie meniscus does not extend paraUel to tiie optical axis 90. 
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Varying tiie shape of the meniscus 225 will vary the refractive function 
provided hy fte element 200. The shape of the meniscus 225 is adjusted by the elediowetting 
phenomenon, by applying a voltage between the annular electrode 242 extending around the 
periphery of ttxe device and the electrode 260. and also by applying a voltage between the 
electrode 280 that extends through the meniscus 225. and the electrode 260. In this particular 
embodiment, the electrode 280 extends along the optical axis 90. AppUcation of such 
voltages alters the contact angle of the meniscus 225 with die surfece overlying the relevant 
electrode. Due to the configuration of the surfeces and the dectrodes, meniscus sh^es 
suitable for aberration correction may be provided. 

So as to aUow the transmission of light through the device, at least opposite 
feces of the device (in the orientation shown in the figure, top and bottom suifeces) are 
transparent In this particular embodiment, the element has a chamber 215 with side walls in 
the form of a cylinder 210. Light can enter and exit the chainber 215 thiou^ the transparent 
ends 212, 214 of the cylinder. The fluids 220. 230 are enclosed within the sealed space or 
chamber 215 defined by the side walls of the cylinder 210. One end (the end of electrode 
260) of the interior surfece of the cylinder 2 1 0 is hydrophiUc so as to attract the polar fluid 
230. The rmainder of the cylinder 210 (Le. the opposite end. and the interior side walls) is 
coated with a hydrophobic coating 270. The electrode 280 and the coating 270 covering the 
electrode may both be tran^ent Altematively. at least one of the electrode 280 and the 
coating 270 has a Hght absorirfng surfece (e.g. black) to prevent optical artefects e.g. the 
electrode lefiactmg 

The area of the electrode 260 hi contact with fluid 230 may be formed entirely 
of a hydrophiUc material, or alternatively coated with a hydrophilic layer (e.g. siUcon dioxide 
or glass). The electrode 260 may be covered with a thin insulating layer, such fliat the 
25 electrode' is capacitively coupled to the fluid 230. 

In this particular embodiment, the hydrophiUc area 260 of the interior surface 
is completely covered by a transparent hydrophiUc conductor (e.g. Indium Tin Oxide), so as 
to form an electrode in conductive contact with the fluid 

By arrangmg for one area of the interior surface of the cyUnder to be 
hydrophiUc. with the remainder of the interior surfece being hydrophobic, then it wiU be 
«?)pieciated that m this two fluid system the stabiUty of the device wiU be greatly enhanced 
The polar fluid wiU not adhere to any portion of the interior surfece ^ere it is desired to 
have only the non-polar fluid, and vice versa. 
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It should be noted that liiis condition does not prohibit die polar fluid 230 
being in contact with part of the hydrophobic coating 270. The purpose of the hydrophilic 
layer is to locate the polar fluid i.e. to keep the polar fluid in a desired position (with the 
position often defining at least in part the shape). Thus, a relatively small hydrophilic area 
may be suitable for this purpose. For instance, the whole of the interior surfece of a device 
could be hydrophobic, apart from those areas in which it is necessary to keep the polar 
fluid(s) in a certain shape or position. 

Electrowetting can be used to increase the wetfabiUty of a polar or conducting 
fluid on a surfece. If this wettabihty is initiaUy smaU (for apolar hquid this is usuaUy termed 
a hydrophobic surface, e.g. a Teflon-like surfece), a voltage can be used to make it larger. If 
the wettability is initially large (for a polar Uquid this is usually called a hydrophilic surfece, 
e.g. siUcon dioxide) flien applying voltage wiU have relatively httle effect It is <herefiire 
preferable that in electrowetting devices the three-phase line is initially m contact with a 
hydrophobic layer. It should be noted tiiat the meniscus 225 is not m conductive contact with 
tiie electrodes 242 and 280, which are both separated from the fluids by an insulating 
covering layer. 

It will be appreciated that the areas of different wettability can be fonned 
entirely from a hydrophobic or a hydrqphiUc material. AltBtnatively, tiie areas can be fi)nned 
by coating other materials with hydrophobic or hydrqphiUc substances e.g. by dip coating or 
chemical vapour deposition. 

Figures 2 and 3 illustrate dififerent configurations of the meniscus 225. 

The configurations are changed by utilising the electrowetting eflfect to change 
tiie contact angles tiie meniscus 225 makes with the surfece surrounding the electrode 280, or 
the perimeter of flie meniscus contacting the inner surfece of the chamber 215. 

In this particular embodimenli Ihe element 200 is ananged (i.e. the fluids, 
surfaces of different wettability and voltage ranges selected) such that tiie element is 
switohable between two configurations, botii of which provide no optical power (i.e. so tiie 
meniscus does not act as a lens). Inbofli configurations, the central portion of flie meniscus 
and tiie perimeter of the meniscus are at tiie same distance along flie optical axis (i.e. in tiie 
same said position, as defined by flie axis shown mflie figures), hi flie configuration shown 
in Figure 2, flie meniscus is flat or planar, such fliat flie meniscus does not introduce any 
abercation. 
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In the configuration shown in Figure 3, Ihe meniscus is donut shaped, and thus 

the wavefixmt distortion introduced by the meniscus is spherical abeiiation. Sudi spherical 
dxatation can be appUed to o£6et undesircd spherical abenation. 

It wiU be appreciated that the above embodiment has been provided by of 
example only, and that various other configurations will be apparent to tiie sWlted person. For 
instance, ^t tiie electrode 280 has been described as e>d«nding along the optical axis (and 
hence through the centre of the circular cylindrical chamber 215) the electrode could be 
positioned at any point within the chamber, as long as it extends through the meniscus 225. 

Further, whilst the chamber has been described as being a circular cylinder, it 
will be appreciated that the chamber can in feet be of any desired shape. It may have a 
circular cross-section, or it may have any other desired cross-section. e.g. elliptical, square or 
rectangular. 

Whilst the side walls of the chaniber have been illustrated as being 
substantiaUy paraUel to tiie optical axis, it wiU be appreciated flmt the side walls can in feet 
tate any desired shq,e. or be at any desired angle to tiie <qrtical axis 90. For instance, m 
to have a planar (or flat) meniscus wifliout having to apply a voltage to tiie electrodes, 
side walls of flie chamber and tiie central electrode wall can be inclined at an aiigle to tiie 
optical axis (in oflier words, tiie chamber and tiie electrode 280 may be conical, or frusto- 

conical), in such a w^ fliat flie contact angle of tiie meniscus witii flie side walls is initiaUy in 
a plane perpendicular to tiie optical axis 90. It is also possible to make only flie side walls of 

tiie chamber inclined, hi tins case a voltage to ti» central electrode has to be ^Ked to have a 
flat meniscus. 

In tiie above embodiment, tiie meniscus has been described as bemg 
switehable between two configurations. However, it wiU be appreciated fliat tiie meniscus 
maybe switehable between any number of desh»d configurations. The meniscus 
configuration may be continuously variable. lii tiie above embodiment, tiie meniscus has been 
described as being switehable between tiie two configurations, bofli of which provide no 
optical power. However, it will be appreciated tiiat flie meniscus may be switchable between 
configurations tiiat have optical power, including tiie meniscus being switchable between a 
configuration tiiat provides no optical power and a configuration tiiat does have optical 
power. 

In tiie above embodiment, a single electrode has been described as extendmg 
tiiroufiji tiie meniscus, and a single electrode acting on a perimeter of tiie meniscus. It wiU be 
appreciated tiiat one or more of dtiier elecliodes may be provided. 
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For instance. Figure 4 iUusliates a cross-sectional view of a fbrther 
embodiment of the present invention, in which instead of a single annular electrode 242 
extending around the periphery of the chamber 21 5, in this embodiment the element 300 
comprises four sqiarate electrodes 243, 244, 245, 246 spaced equaUy around the periphery of 
tiie chamber 215. 

Such a configuration aUows the meniscus to be configured to a variety of 
shapes, by applying different voltages to the different electrodes. For instance, if voltages are 
appUed such that flie contact angle at electrodes 244 and 246 is equal, but the contact angle at 
electrode 243 is more acute, and the contact angle at electrode 245 more obtuse, then Hie 
meniscus acquires a configuration which resembles that of a coma wavefront deformation, 
hence introducing coma. 

Alternatively, if the perimeter of the meniscus overlying electrodes 244 and 
246 has the same contact angle, whilst the meniscus overlying electrodes 243 and 245 has the 
same angle, but is at a different position along the Z-axis (i.e. along the optical axis 90). the 
meniscus 225 acquires a shape which resembles an astigmatic waveftont deformation, hence 
introducing astigmatism. 

Thus, such an element 300 as iUustrated in Figure 4, can be used Id produce a 
range of desired aberrations, to af&et undesired abectations. 

It wiU be ^preciated that such elements can be incorporated into a range of 
optical devices. 

Figure 5 shows a device 1 for scanning an optical record carrier 2. including 
an objective lens 18. The record carrier comprises a tianspaient layer 3, on one side of which 
an information layer 4 is arranged. The side of the information layer feeing away fiom tiie 
transparent layer is protected &om environmental influences by a protection layer 5. The side 
of the transparent layer fedng the device is called the entrance fece 6. The tranq)^ 
acts as a substrate for die record carrier by providir® mechanical siq)part for the information 
layer. 

Alternatively, flie transparent layer may have the sole fonction of protecting 
the mformation layer, while tiie mechanical support is provided by a layer on die otiier side 
of the information layer, for instance by tiie protection layer 5 or by a further information 
layer and a transparent layer connected to the information layer 4. 

Information may be stored in the information layer 4 of the record earner in 
the form of opticaUy detectable marks arranged in substantially parallel, concentric or spiral 
tracks, not indicated m fiie Figure. The marks maybe in any optically readable form, e.g. in 
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Ihe fonn of pite. or areas with a reflection coefficient or a direction of magnetisation different 
fixm their surroundings, or a combination of these forms. 

The scanning device 1 comprises a radiation source 1 1 that can emit a 
radiation beam 12. The radiation source may be a semiconductor laser. A beam sphtter 13 
reflects the divergmg radiation beam 12 towards a coUunator lens 14. which converts the 
diverging beam 12 mto a collimated beam 15. The coUimatedbeam 15 is incident on an 
objective system 18. 

The objective system may comprise one or mote lenses and/or a grating. The 
objective system 18 has an optical axis 19. The objective system 18 chatiges flie beam 17 to a 
converging beam 20. incident on the entrance &ce 6 of the record earner 2. The objective 
system has a spherical aberration correction adapted for passage of the radiation beam 
through the thickness of the transparent %er 3 . The converging beam 20 forms a spot 2 1 on 
the information layer 4. Radiation reflected by the infomiation layer 4 forms a div«ging 
beam 22. transformed mto a substantiaUy coUimatedbeam 23 by the objective system 18 and 
subsequently into a conveiging beam 24 by the colUmator lens 14. The beam splitter 13 
separates the forward and reflected beams by transmitting at least part of the convatgmg 

beam 24 towards a detection system 25. The detection system ciqrtures the 

converts it into electrical on^ signals 26. A signal processor 27 converts these ou^ut 

signals to various oflier signals. 

One of the signals is an infomiation signal 28, the vahie of which represents 
information read fiom the infomiation layer 4. The mfomiation signal is processed by an 
informationprocessir^ unit for eiror coirection 29. Other signals from the signal processor 

27 are the focus error signd andradial error signal 30. The focus error signal rqiresents 
axial difference m height between the spot 21 and the information layer 4. The radial error 

dgnalrq«esentsthedistancemtheitoofthemformationlayer4b^^^ and 
the centre of a track in the information layerlo be followed by the spot The focus error 
signal and the radial error signal are fed into a servo circuit 3 1 , which converts these signals 
to servo control signals 32 for conhoffing a focus actuator and a radial actuator respectively. 
The actuators are not shown in the Figure. The focus actuator controls the position of the 
objective system 18 m the focus direction 33, thereby controllmg the actual position of the 
spot21 such that itcoinddes substantially Wiethe plane oftheinformationlayer4 The 
radial actuator controls the position of the objective lens 1 8 in a radial direction 34, thereby 
controlling the radialposition of the spot21 such that it comcides substantially wi^ the 
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central line of track to be followed in tbe infonnation layer 4. The tracks in the Figure run in 
a direction perpendicular to Ifae plane of the Figure. 

The device of Figure 5 in this particular embodiment is adapted to scan also a 
second type of record carrier having a thicker transparent layer than the record carrier 2. The 
device may use tiie radiation beam 12 or a radiation beam having a different wavelength for 
scanning the record carrier of the second type. The NA of this radiation beam may be adapted 
to the type of record carrier. The spherical aberration compensation of the objective system 
must be adapted accordingly. 

In this particular embodiment, an element 200 is provided to provide spherical 
aberration compensation. The element 200 is located in the path of the beam, preferably 
between the collimator lens 14 and the objective system 18. However, if desired, the element 
200 could be incoiporated within the objective system 18 e.g. as an integralpart of an 
objective lens. A meniscus control system 400 is provided to ^ly the correct voltages to the 
electrodes of the element 200, such that the element 200 provides the desired aspherical 
aberration compensation. 

In another embodiment the element 200 is such that it also provides coma to 
contqiensate the coma arising due to disc tilt 

By providing an element as described above, a relatively che^ aberration 
(including aspherical aberration) compensation device may be provided to a range of optical 
systems, including optical scanning devices. 
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CLAIMS: 



1. An optical element (200; 300) forpioviding a variable refiactive surfece. the 

element con^iising: 

a chamber (215) defined by at least one side -wall (270); 
an optical axis (90) extending through tibe chamber (215); 

5 - (215) containing a first fluid (220) and a second fluid (230) in 

contact over a meniscus (225) extending transverse tte optical axis (90), the perimeter of the 
meniscus being constrained by said side wall (270). the fluids (220. 230) being substenlially 
inomiscible and having different indices of refiaction; 

afirstelectrowetting electrode (242; 243) airanged to act on at least a portion 
10 of the meniscus perim^ constrained by said wall (270); and 

a second electcowetting elecliode (280) extending through the meniscus (225). 

2. An element as claimed in claim 1, wherein the second 
electrode (280) extends along the optical axis (90). 

15 

3. An element as claimed in claim 1 or claim 2. further conqmsing a voltage 
control system (240, 285; 400) for providing a voltage to said first eleclrowetting elecHode 
(242. 243) and a voltage to said second electrowetting electrode (280) to fimn a 
predetermined meniscus configuration. 

20 

4. as claimed in claim 3. wherein a predetennined configuration 
comprises me meniscus (225) bemgsubstantiaUy flat, and extending in a plane substantially 
perpendicular to the optical axis (90). 

25 5. ^«le^entasclaimedinclaim3orclaim4.whereinapredetranined 

configuration comprises the meniscus (225) being non-planar, but with the perimeter of flie 
meniscus (225) in contact with said side wall (270) being at substantially the same position 
along the optical axis (90) as the postlion at M*ich the meniscus (225) contacts the second 
electrode (280). 
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6. An element as claimed in any one of the above claims, wherein the element 
(300) fbrflier comprises at least a third electrowetting electrode (244. 245. 246) airanged to 
act on a portion of tbe perimeter of flie memscus separate from the portion of the mecdscos 
acted vpon by the first electrowetting electrode (243). 

7. An element as claimed in any one of tiie above claims, wherein at least one of 
said side walls (270) is inclined at an angle relative to flie optical axis (90). 

8. An element as claimed in any one of flie above claims, wherem the first and 
the second fluids (220, 230) have substantially the same density. 

9. A device (1) comprising an optical element (200) forproviding a variable 
refiactive sur&ce, the element coniprising: 

a chamber (21 5) defined by at least one side wall (270); 

an optical axis (90) extending through the chandler (215); 

the chamber (215) containing a first fluid (220) and a second fluid (230) in 
contact over a memscus (225) extending transverse the optical axis (90). the perimeter of the 
meniscus (225) being constrained by said side wall (270). the fluids (220. 230) being 
substantiaUy inmiiscible and having different indices of refraction; 

a first electrowetting electrode (242; 243) arranged to act on at least a portion 
of die meniscus perimeter constrained by said side wan (270); and 

a second electrowetting electrode (280) extending through die meniscus (225). 

10. A device as claimed in claim 9, wherein die device fiirflier comprises a 
memscus control system (400). 

11. A device (1) as claimed m claim 9 or claim 10, T«*erein the device is an 
optical scanning device for scanning an information layer (4) of an optical record carrier (2), 
die device comprising a radiation source (1 1) for generating a radiation beam (12. 15. 20) aid 
an objective system (1 8) for conveiging die radiation beam on die information layer (4). 

12. A mediod of mannfecturing an optical element (200; 300) for providing a 
variable refiactive surfece, die metiiod comprising: 
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providing a chamber (215) defined by at least one side waU (270), with an 
optical axis (90) extending tiiiough the chamber (2 1 5); 

filling the chamber (215) with a first fluid (220) and a second fluid (230) such 
that the fluids (220, 230) are in contact over a meniscus (225) extending transverse the 
optical axis (90), the perimeter of the meniscus (225) being constrained by said side waU 
(270). the fluids (220, 230) being substantially immiscible and having di^rent indices of 
refi:actio]i; 

providing a first eleclrowetting electrode (242; 243) ananged to act on at least 
a portion of the meniscus perimeter constrained by said waU (270); and 

providing a second electrowetting electrode (280) extending through the 
meniscus (225). 

13. A ^nethodofmauufectoring an optical device (1), the method conqmsing the 

step of: 

providing an optical element (200; 300) ftff providing a variable refiactive 
sur&ce, the element comprising: 

a diamber (215) defined by at least one side wall (270); 

an optical axis (90) extending through the chamber (215^ 

the chamber (215) containing a fhst flnid (220) and a second fluid (230) in 
contact over a meniscus (225) extending transverse die optical axis (90), the perimeter of the 
meniscus (225) being constrained by said side waO. (270), the fluids (220. 230) being 
substantiaUy immiscible and having dififerrait indices of refraction; 

a first electrov.«lting electrode (242; 243) arranged to act on at least a portion 
of flie meniscus perimeter constrained by said side wall (270); and 

a second electrowetting electiode (280) extending tircough the maiiscus (225). 
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ABSTRACT: 



An optical element (200; 300) for providing a variable efractive surfece. The 
element conqmses a chamber (215) defined by at least one side waU (270X wilh an optical 
axis (90) extending fluongh the chamber (215). The chamber (215) contains a first fluid (220) 
and a second fluid (230) in contact over a mmiiscas (225) extending (xansverse Ihe optical 
5 axis (90). Hie paimeter of the meniscus (225) is constrained by said side wall (270). The 
fluids (220, 230) are substantially immiscible and have difltbrent indices of refraction. A first 
electtowetting electrode (242; 243) is arranged to act on at least a portion of the meniscus 
perimeter conslxained by said side wall (270). A second electtowetting electrode (280) 
extends throug^i the meniscus (225). 
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